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1 4 (1 )
( )
$\frac{d^{2}u}{dt^{2}}=-\frac{\partial V(u)}{\partial u}$ (2)
868 1994 39-51
40
$\frac{dH}{dt}=0,$ $H= \frac{1}{2}(\frac{du}{dt})^{2}+V(u)$ (3)
$\Delta t$









$K_{n}= \frac{1}{2}(\frac{u_{n}-u_{n- 1}}{\Delta t})^{2},$ $V_{n^{=}} \frac{1}{2}\sum_{i=1}^{k}[F_{i}(u_{n})G_{\dot{|}}(u_{n- 1})+F_{i}(u_{n- 1})G_{i}(u_{n})]$




$V(u)= \lambda\frac{a}{2}u\cross u+(1-\lambda)\frac{a}{2}u^{2}\cross 1+\frac{b}{3}u^{2}\cross u+\frac{c}{4}u^{2}\cross u^{2}$ (9)




$=- \frac{a}{2}[2\lambda u_{n}+(1-\lambda)(u_{n+1}+u_{n- 1})]-\frac{b}{3}u_{n}(u_{n+1}+u_{n}+u_{n- 1})-\frac{c}{2}u_{n}^{2}(u_{n+1}+u_{n- 1})$
$x_{n}=u_{n},$ $y_{n}=u_{n- 1}$
(11)






(10) $(u_{n}p_{n})$ $(u_{n+1}p_{n+I})$ :
$p_{n}= \frac{\partial W(u_{n},p_{n+1})}{\partial u_{n}},$ $u_{n+1}= \frac{\partial W(u_{n}p_{n+1})}{\partial p_{n+1}}$ (14)
$W(u,p)=up+ \Delta f\frac{1}{2}p^{2}+\frac{1}{\Delta t^{2}}\int^{u}(Ru)+2u)du]$ (15)
[9]
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$=- \frac{1}{2}\sum_{i=1}^{k}[\frac{F_{i}(u_{n+1},v_{n+1})-F_{i}(u_{n- 1},v_{n+1})}{u_{n+1}-u_{n- 1}}+\frac{F_{i}(u_{n+1},v_{n- 1})-F_{i}(u_{n- 1},v_{n- 1})}{u_{n+1}-u_{n-1}}]G_{i}(u_{n},v_{n})$
$- \frac{1}{2}\sum_{i=1}^{k}F_{i}(u_{n},v_{n})[\frac{G_{i}(u_{n+1},v_{n+1})-G_{i}(u_{n- 1},v_{n+1})}{u_{n+1}-u_{n- 1}}+\frac{G_{i}(u_{n+1},v_{n- 1})-G_{i}(u_{n- 1},v_{n- 1})}{u_{n+1}-u_{n- 1}}]$
(19)
$\frac{v_{n+1}-2v_{n}+v_{n- 1}}{\Delta t^{2}}$
$=- \frac{1}{2}\sum_{i=1}^{k}[\frac{F_{i}(u_{n+1},v_{n+1})-F_{i}(u_{n+1},v_{n- 1})}{v_{n+1}-v_{n- 1}}+\frac{F_{i}(u_{n- 1},v_{n+1})-F_{i}(u_{n- 1},v_{n- 1}}{v_{n+1}-v_{n- 1}}]G_{i}(u_{n},v_{n})$
$- \frac{1}{2}\sum_{i=1}^{k}F_{i}(u_{n},v_{n})[\frac{G_{i}(u_{n+1},v_{n+1})-G_{i}(u_{n+1},v_{n- 1})}{v_{n+1}-v_{n- 1}}+\frac{G_{i}(u_{n- 1},v_{n+1})-G_{i}(u_{n- 1},v_{n- 1})}{v_{n+1}-v_{n- 1}}]$
$\ovalbox{\tt\small REJECT}=K_{n}+V_{n}$
$K_{n}= \frac{1}{2}(\frac{u_{n}-u_{n- 1}}{\Delta t})^{2}+\frac{1}{2}(\frac{v_{n}-v_{n- 1}}{\Delta t})^{2}$
(20)
$V_{n}= \frac{1}{2}\sum_{i=1}^{k}[F_{i}(u_{n},v_{n})G_{i}(u_{n- 1},v_{n- 1})+F_{i}(u_{n- 1},v_{n- 1})G_{i}(u_{n},v_{n})]$













( $a/b=-1/6,$ $a/b=-1/16$, $a/b=-1$ )
(19)
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3 5 (1 )
5 3
$H_{n}$ 2 2 $t_{n},$ $t_{n- 1}$ $u_{n},$ $u_{n- 1}$
$r$ , $t_{n- 1},$ $\cdots,$ $t_{n- r+1}$ $u_{n},$ $u_{n- 1},$ $\cdots,$ $u_{n- r+1}$ $\circ$
( )
44
V $u_{n},$ $u_{n- 1},$ $\cdots,$ $u_{n- r+1}$ $P_{n}$ $P_{n+1}-P_{n}$ $u_{n+1}-u_{n- r+1}$
$H_{n}$ $u_{n},$ $u_{n- 1},$ $\cdots,$ $u_{n- r+1}$ $u_{n}$ 2
$\frac{H_{n+1}-H_{n}}{u_{n+1}-u_{n- r+1}}=0$ (25)
(25) $u_{n+1}$ 1
$\frac{H_{n+1}-H_{n}}{\Delta t}=r\frac{H_{n+1}-H_{n}u_{n+1}-u_{n- r+1}}{u_{n+1}-u_{n- r+1}r\Delta t}=0$ (26)
$r=3$ $H_{n}=K_{n}+V_{n}$
$K_{n}= \frac{1}{12}[(\frac{u_{n}-u_{n- 1}}{\Delta t})^{2}+4(\frac{u_{n}-u_{n- 2}}{2\Delta t})^{2}+(\frac{u_{n- 1}-u_{n- 2}}{\Delta t})^{2}]$ (27)
$u_{n},$ $u_{n- 1},$ $u_{n- 2}$ $u_{n}$ 2 $V_{n}$
$V(u)= \sum_{i=1}^{k}E_{i}(u)F_{i}(u)G_{i}(u)$ (28)
$u_{n},$ $u_{n- 1},$ $u_{n- 2}$ [12]
$V_{n}= \frac{1}{6}\sum_{i=1}^{k}\ovalbox{\tt\small REJECT}_{i}^{i}i(u_{n- 1})(u_{n- 2}^{n})(u)F_{i}(u_{n- 2}^{n- 1})F_{i}(u)F_{i}(un)G_{i}(u_{n- 2}^{n- 1}GG_{i}(i(uu_{n})_{)})|_{+}$ (29)
$||_{+}$ $+1$
$E_{i}(u),$ $F_{i}(u),$ $G_{i}(u)$ $u$ 2 ( 6






$V(u)= \frac{1}{6}u^{6}=\frac{1}{6}u^{2}\cross u^{2}\cross u^{2}$ (3o)
$\frac{u_{n+1}-u_{n}-u_{n- 1}+u_{n- 2}}{2\Delta t^{2}}=-\frac{1}{2}u_{n}^{2}u_{n- 1}^{2}(u_{n+1}+u_{n- 2})$ (31)











$V(u)= \frac{1}{2}u^{2}=\frac{1}{2}\cross u\cross u$ (33)





$\frac{\partial V(u)}{\partial u}=F(V(u))$ (35)
$V(u)=U(u)^{2},$ $\frac{\partial U(u)}{\partial u}=G(U(u))$ (36)













$\frac{a_{n+1}-a_{n}}{\Delta t}=F(a_{n})\frac{p_{n+1}+p_{n}}{2},$ $\frac{p_{n+1}-p_{n}}{\Delta t}=-F(a_{n})$ (41)





$\frac{b_{n+1}-b_{n}}{\Delta t}=G(b_{n})\frac{p_{n+1}+p_{n}}{2},$ $\frac{p_{n+1}-p_{n}}{\Delta t}=-(b_{n+1}+b_{n})G(b_{n})$ (45)
















$\frac{dH_{m}}{dt}=F(a_{m})\frac{p_{m+1}}{M_{m+1}}-F(a_{m- 1})\frac{p_{m}}{M_{m}},$ $H_{m}= \frac{1}{2M_{m}}p_{m}^{2}+a_{\text{ }}$ (51)
50
$a_{m}^{n}=a_{m}(t_{n}),$ $p_{m}^{n}=p_{m}(t_{n})$ (52)
$\frac{a_{m}^{n+1}-a_{m}^{n}}{\Delta t}=F(a_{m}^{n})(\frac{p_{m+1}^{n+1}+p_{\text{ }+1}^{n}}{2M_{m+1}}-\frac{p_{m}^{n+1}+p_{\text{ }}^{n}}{2M_{\text{ }}})$
(53)
$\frac{p_{m}^{n+1}-p_{m}^{n}}{\Lambda t}=F(a_{\text{ }}^{n})-F(a_{m- 1}^{n})$
$\frac{H_{m}^{n+1}-H_{m}^{n}}{\Delta t}=F(a_{\text{ }}^{n})\frac{p_{m+1}^{n+1}+p_{m+1}^{n}}{2M_{\text{ }+1}}-F(a_{m- 1}^{n})\frac{p_{m}^{n+1}+p_{m}^{n}}{2M_{\text{ }}}$
$(54’)$
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